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Abstract 

We introduce An^ (n = 1,2, ■ ■ ■ ) affine quiver matrix model by simply adopting the extended 
Cartan matrices as incidence matrices and study its finite N Schwinger- Dyson equations as 
well as their planar limit. In the case of n = 1, we extend our analysis to derive the cubic 
planar loop equation for one-parameter family of models labelled by a: a = 1 and a = 2 
correspond to the non-affine A2 case and the affine A^ case respectively. In the case of n = 2, 
we derive three sets of constraint equations for the resolvents which are quadratic, cubic and 
quartic respectively. 
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1 Introduction 



Schwinger- Dyson equation for matrix models played an important role in the development of 
2d gravity and its extensions in nineties and takes the form of infinite dimensional algebraic 
constraints [U |2] . Among other things, A n quiver (or conformal) matrix model was constructed 
such that it satisfies the W n constraints automatically [3l 0] . The model in its j3 deformation 
has contributed a great deal to the recent understanding of the connection [5] between 2d 
conformal field theory and the instanton sum [B] that derives the Seiberg- Witten curve [7] . The 
understanding consists of the proof in some special cases [5], isomorphism of the curves in both 
sides [9] and direct checks in the (/-expansion [TO llllJ^ . The case in which the incidence matrices 
take the generalized Cartan matrices of the affine Lie algebra An appears to us an interesting 
and natural generalization and deserves study for its own sake. In this paper, we provide such 
model and study its finite N Schwinger-Dyson equations and their planar limit. 

This paper is organized as follows. In the next section, we introduce one-parameter family 
of matrix models labelled by a parameter a with two species of eigenvalues. The non-affine A 2 
and affine A± quiver matrix models correspond to the a = 1 and a = 2 cases respectively. 
In section three, we consider S-D equations of this "a" model. We consider the finite N S- 
D equations as well as their planar limit. We derive a cubic planar loop equation and the 
cubic curve associated with it. A drastic simplification is observed in the case where a = 2 
and Wq = —W\ and the cubic symmetry of the curve is made manifest. In section four, we 
introduce an An affine quiver matrix model. In section five, we derive the planar loop equations 
for the case of n — 2. They take the form of quadratic, cubic and quartic constraints for the 
resolvents. In the appendix A, we outline the derivation of the S-D equations in section three. 
The appendix B gives the detail of the derivation of the planar loop equation in section five. 

While it is not unlikely that, with a proper engineering of the potential Wi and the choice of 
the contour [HI [11], the partition function of the model may get identified with the Nekrasov 
function specified by a set of gauge theory data, we are unable to find one so far. 



1 For a more extensive list of references till now, see, for instance, [T^] as well as [15] . 
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2 Ai model and the a deformation 

Following the punchlines in the introduction, let us consider the /3-deformed matrix model with 
the partition function 

7V(0) jv(i) 

Z: = n i^-^i 2s n ^-^nrin-^F 

J J 1<KJ<N(0) KI<J<NW I=U=1 IW Jl , s 

/ " " " \ " (2-1 

\ 9s 1=1 9s 7=1 

Here, we have left the range of the integrations unspecified except that it is designed such 
that the integrand vanishes at the end points of the integrations. The second "deformation" 
parameter a interpolates between the /3-deformed matrix model of type (a = 2) and that 
of A 2 type (a = 1). 

For notational simplicity, let us introduce the "effective" action 

N (0) N W 

e- s -» : = n iw-wi" n K-^nnr— W 

1<KJ<N(°) 1<I<J<NW i=l J=l IP 1 . . 

" / " " x 2.2 

( m N(0) m N(1) 

x exp l^E. W M + 

\ 9s i=i 9s j=i 

3 S-D equation of the "a model" and the planar limit 

Let us begin with the Virasoro constraints: 



we have 



//N(°) \\ //N(°) N(°) 



(3.2) 



Similarly, from 

7V(D 



o-/^/^,g£(-J-^). ,3,) 
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we have 

II nW i \\ ll N(1) nW I 1 



U ~f (-2 — ^j) 2 // \\ , Z — Vi Vi — Vj 

\\J=1 v 1 II \\I=1 J=l , 

W) (3.4) 

-((§l^))^((|s?»- 

Let 

AT(O) at(1) 

w (2) := , := a/%* • (3.5) 

1=1 ^ 1 J=l J 

Adding og- fllO]) and # 2 -|LlD, we have 

'(£ (*)) 2 }} + (((SiW) 2 )) -a<<£ (*)3i(*)>> + e((Q' (z))) +e((u)[(z))) 
+ W'(z) ((Q (z))) + W[{z) ((uk(z))) - ((fo(z))) - ((Aiz))) = 

where 







9s, 


(3.7) 


/o(*) 




- Wfa) 
- 


(3.8) 


AW 


J=l Z 


- W[(vj) 

- vj 


(3.9) 



To take the planar limit g s — > 0, let 

oj oa (z) := lim ((u5 0) i(*)» , /„,i(z) := lim ((/o,i(*))} > ( 3 - 10 ) 

We obtain 

u; (z) 2 + ^i(^) 2 - aw (*M(*) + W^{z)u Q {z) + W^)^) - f (z) - ft(z) = 0. (3.11) 
Let us turn to the higher order constraints. In particular, let us consider 

AT(0) / jv(i) \ 

0= / / ^"^E 7T- — E e~ S - , (3.12) 

as well as 

r r NW a ( i ^ (0) 1 \ 

= / <f*% / d N( \y -— -JL_ V -J— e -«- . (3.13) 



Taking the difference of these two equations and carrying out some algebra which is outlined 
in the appendix A, we obtain 

!ii^.4_ Q ^_(i_^ C + D }=0, (3.14) 
where 

* :=-*(£- — -V+w-DE— 7 1 » 
+ f E 



3 i±j±k*i ( z ~ ~ ~ Vk) 

- (/// v u W <->■ Wi) , 
B . = y 1 y 1 

C:=T - V - ( 3 - 15 ) 

f£(z- in)(z - v K f j^( z ~ Vi) 2 ( z ~ vk) 



+ 

-(fm+v^WooWi)}', 



^^(^(e^+^E- ^ + 

9s a(5 y-f {z - ill) 1 fj£.z- pipi- \i K 9 S z- 

^ ( W^(z) - W'(fij) 1 



E 



9s \ijc z ~ Vi Pi-vk t 

- (m v u w Wi) . 

This is a complicated equation but let us multiply by gl\fj3 and take the planar limit. 
Let 

u(z) :— ujq(z) — coi(z), v(z) := uq(z) + ui(z) . (3.16) 
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Also, let 

h (z) :=lim///^ 2 £ 

\\ I?K 

h(z) :=\im(/(3g 2 s J2 
\\ I*K 

9o(z) :=lim|/^ 2 ]T 



w> 


(*) 


- Wg(A*r) 


1 




z 




- Hk 




(*) 


- W[(uj) 


1 N 




2; 


- Vi Vi 


- VK , 




*) 








z 


- Hi Hi 


-VK, 




*) 


-W{{v K ) 





(3.17) 



j v z-v K V K - Hi 

In terms of u, v, the planar SD equations can be rewritten as 
2 + a\ . 2 /2 - cA 2 

+ i(WS(z) - W?(z))u(*) + i(WS(z) + W{(z))v(z) - f Q (z) - f x {z) = 0, 



(3.18) 



(3a ~^ a + 2 W - - w?(*))«(*) a - i{(^(,)) 2 + (wz(*)) 2 }«(*) 

- i{(2 - a)«(z) + (W*(z) - W[{z))} (Q^L v {zf + + W[(z))v(z) 

+ \{W Q {z)h(z) - W[{z)h{z)) - 2 (l - £) (V*) " fo(*)) + fldW " 9i(z) = 0. 

(3.19) 

Using the planar Virasoro constraint (13.181) . we can convert (13.191) into an equation for u: 
^P-u(z) 3 + ±{W>(z) - W[{z))u{zf - ±{W>(z)Wl(z) + (2 - «)(/„(*) + h(z))}u(z) 
+ l(Wl(z)f (z) - W^{z)h{z)) - ^p±(h (z) - h^z)) +g ( z )- gi ( z ) = 0. 

(3.20) 

For simplicity, we assume a 7^ —2. Let 

x(z) := u{z) + -L^(W 1 (z) - W[(z)) = u (z) - u x {z) + -^(KW ~ W[{z)). (3.21) 
The cubic equation (13.201) becomes 

x{zf -p{z)x{z) - q(z) = 0, (3.22) 

where 

PW = j^jifW + WW) 2 + + ^^(/oW + /i(*))> ( 3 - 23 ) 



q(z) = -7—^ W(z) - W{(z)) {2{W'{z)Y + 2{W[{z)Y + (3a + 2)W^z)W' x {z)} 

1 : {(2 - a)W^(z) + 2aW{(z)}f (z) + 3 {2aW^(z) + (2 - a)W[{z)}h{z) 



(a + 2) 2LV 7 uv ' 1V /JJUV 7 (a + 2f 

+ ^f^(V*) ~ h(z)) -^-( 9o (z) - 9l (z)). 



At a = 2, we get the cubic equation for Aj 1 model: 

3 /TTW ttWn o 1 



(3.24) 



< - TzW + W{fx + -{W' G - W[){ [Wtf + (Wlf + AW^Wl) 



3 _ 

16 vu ■ ■■ u - • 32 « 

+ 7 (W[fo - W 7i) + -(-/^o + h + g - gi) = 0. 



(3.25) 



4 v x-« u-, 2 

Here 



x = u -u 1 + ±(Wl-W{). (3.26) 
At a = 1, it turns into the loop equation for A 2 model 

x 3 - l{ W) 2 + [W[f + W^W{ + 3(/ + A)}x 

+ " ^'){2W) 2 + 2(^)2 + 5W^W{} (3.27) 
+ + 2W[)f - ~(2^ + + 9o ' 9i = 0, 

Here 

z = Wo -w 1 + ^- ( 3 - 28 ) 
This cubic equation (I3.27f) can be rewritten as follows: 

(x-t 1 {z))(x-t 2 (z))(x-t 3 {z))-f 1 {z)(x-t 3 (z))-f (z)(x-t 1 (z))-g 1 {z)+g {z) = 0, (3.29) 

where 

ti(z) = ±{2W{(z)+Wfc)), t 2 {z)=-\{W[{z)-W^z)), h{z) = -l(Wi(z)+2W^(z)). (3.30) 

This is the form which have been analysed before. 

Finally, let us consider the special case where a = 2 and W = —W\. In this case, eq. (I3.25P 
reduces to 

^ ~ \«? ~ |wS(/ + h) ~\{h - h -g + 9l ) = 0, (3.31) 

possessing the symmetry of x rotation by cubic root of unity x — > e ± ^ L x. This drastic sim- 
plification is understood as the prescription \/5 — > for the second species of eigenvalues 
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vj, (J — 1,2, ... , N^). Let us introduce notation 

^, (7 = 1,2,...,JV(°)), 

(I = N^ + 1,...,N^+NW), 



zi = 



sgnf = 



(3.32) 

1, (J = 1,2,...,JV<°>), 

-1, (/ = M ) + l,...,Ar(°) + Ar( 1 )). 



The partition function in this case can be written as that of the {3 deformation of one-matrix 
model with positive and negative "charges" in the Coulomb gas analogy: 



Z := d N( ° )+N(1) z J] \ ZI - Zj \W*>Dte>J) eX p l^E £ ( sgn I)Wo (zj) . 

i<kj<n(o)+nw \ 9s i=i ' 



(3.33) 



The entire S-D equations can be formulated in terms of a single resolvent u)(z) := Qo(z) —Q\{z) 
and two kinds of quantum deformations f(z) := fo(z) + fi(z) and h(z) := (ho(z) — hi( z )) ~ 
(go(z) — <ji(z)), all of which are written succinctly in this one-matrix notation. 

4 A { n ] affine quiver matrix model 

The partition function for the /3-deformed A$ quiver matrix model is defined by 

Z := J d\e- s ° s , (4.1) 



where 



n JVM 

d\ = Hl[dXf, (4.2) 



i=0 1=1 



N(i) jy(»+i) 

- 1 r 1 r \ ( " _ \ U) \- >' TT TT TT i\W _ \<f +r >\-P 



-n n i4 i) -A«mn n i4 i) -a 

i=0 1<I<J<N^) *=0 /=1 J=l 

n 



(4.3) 



5,5 i=0 7=1 



with the periodicity of the index z: Aj n+1 ^ = and iV*" --1-1 ) = N^°\ In the following part, we 
assume this kind of periodicity for the index i: i = k + n + l = k. 
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For later convenience, we define the following functions: 



Ix nn~3hS z > ■ 



7=1 Z - Aj 

N(i) 

7=1 ^ - A 7 



7=1 



2- Ay 



i(0 



Here z, j 1? . . . , j fc = 0, 1, . . . , n and 



^(A«)^(A«)...^(A«), (*>1), 
1 (fc = 0), 



with 



Notice that (2) with A; = coincide with £5j(z): 



J=l A 7 ~ A J 

(MO 

At(j) 



U = 0, 



t \f - A w 



7V« 

= ^ ^ = (A; = 0), 



7=1 Z ~~ A 7 



Later, we use several identities which relate products of Qi(z) to sums of these 
For j 2 , ■ ■ ■ ,jk} all different, the identity 



leads to the following identity: 



II: tgu = E~ u^y II tut, tut) 



~-l Z ~ A h rn=l A I e ~ A /„ 



u n {z)uj j2 {z) ■ --Q jk (z) = ^Rj 1 t l jt _ ljt+1 ... jk (z), a11 different )' 



If some of indices ji coincide, there are 0(g s ) corrections: 

k 

■ Y."^-, ^ + °(9s)- (4-10) 



Explicit forms of (14.101) for k = 2, 3 are given by 

Qi{z)u s {z) = Rf{z) + %?\z) - ^g s uj[(z)5 lv (4.11) 

UiWuMMz) = Rf k {z) + R^iz) + R%\z), (^jVM <), 

{Q t (z)) 2 Q,(z) = 2R%(z) + Rfiz) - y/Pg.-jL (fi®{zj) + y/0g a uj%), (i * j), (4.12) 
(^(z)) 3 = 3RS(z) - ay/Pg&izffliz) - p£Z%{z) + ^g s uf\z). 

From 

we find the S-D equations 

-^s<(^-*w)) + ^«^.-*w)> 

For = 0, the S-D equation ( I4.14p takes the form 

+ «d 4 («)»-((fW^))) = o. 



(4.15) 



Using the identity (14. lip for j = i, we have 

2i?®(z) = (cD i (z)) 2 + v ^^(«). (4.16) 
Substituting this identity into ( I4.15p . we have 

+ (i*(z)) a - R^(z) - J2«(z) + W^)u5<(z) - = 0, (4.17) 

where 

..= r./s_ 

The identity (14. lip for j = z + 1 gives 

u^)£ i+1 (z) = tfg^) + R? +1 \z). (4.19) 



e:= fv^_ (4.18) 
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Summing over i, we have 

n n 

= $>(*+^)- ( 4 - 2 °) 

i=0 i=0 

Only this combination of Rfl^z) +Rf\(z) allows an expression in terms of the resolvents u)j(z). 
Hence the sum of (I4.17P over i gives the "Virasoro constraint" : 

E(^) + ( Q ^) 2 - ^Rt-iW + WXzfaiz) - F®(zj) \ = 0. (4.21) 

5 Planar loop equations for n = 2 

For simplicity, we consider the S-D equations for the A„ model in the planar limit: g s — > 0. 
Let 

^■■■jM^^^-^h (5 - 2) 
In the planar limit, the SD equations (14.141) are given by 

We write explicit constraints for the resolvents (loop equations) in the A*ip model. The 
planar Virasoro constraint is given by 



CJq + u\ + u\ — Uq COi — UJq UJ 2 — OJi U 2 



(5.4) 



+ Wq uj + W{ Ul + W! 1 uj 2 - F (0) - - F (2) = 0. 

The cubic loop equation takes the form 
g 

-(UJq + U)\ + U 2 ) - Uq(u\ + ul) - Ui(0Jq + U%) - U 2 (cdl + Jf) - 2lU UJ 1 UJ 2 
o 

+ W^ul + W^u - F<®) + W{(3cof + W[ m - F (1) ) + W^u\ + W! 2 u 2 - F<$) ( 5 - 5 ) 
- 4F (0) - ff - Ff - 4F« - F 2 (1) - F (1) - 4if > - F (2) - f[ 2) = 0. 
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The quartic loop equation is given by 
13 



+ w{ 



9^o + K ( \"l + K^o 

9cof + W{ ( ~cjI + W[ux 
9 

9wf + W 2 ( ~u\ + W2U2 



i?(o) 

i?(2) 



7F (0) 


- Ff 


- Ft 


7F (i) 


- F 2 ^ 


-Ft 


7F< 2 > 


-Ft 


- Ft 



- 13F (0) 








- 2F (0) 


_ p(») 


- 13Fg> 






r 22 


- 2F«» 


_ 

^00 


- 13F 2 ( 2 2) 




-5Ff? 


^00 


- 2f£> 


- ^i ( i 2) = 



(5.6) 



The derivation of these constraints is given in Appendix iBl 
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A Derivations of ( BHD , Q535} 

In this appendix, we outline the derivation of (13. 14ft and (13. 15ft . starting from the second set 
of S-D equations eq. ( 13.121) . eq. (I3.13P which are constraints higher than Virasoro constraints. 
Eq. (1312]) reads 



E 



[z - /j/) 2 m - v K 



E 



(z - Hi) (/J/ - P K f 



+We^ 



E 



— a 



ik z-ihk-vk — } h-Hj 



"((E73 



1 



\I,K,J 



z - m - v K Hi - vj 



(Al) 



^ s V\r^ z- hi Hi- v k 



0. 



The counterpart read from eq. (13.131) is given by replacing hi by vk in eq. (I A. 1 [) and we will 
not spell it out. Let us subtract this one from eq. (lA.ip . which we refer to as eq. (jA.lft . and 
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analyse this in what follows. We will make a frequent use of the partial fraction formula 



n n 1 



o. 



(A.2) 



for a set of n complex numbers (zi, ■ ■ ■ z n ). For the developments of this formula in the context 
of, see [15]. Using (1A.2j) for (z, ///, u K , vj) and for (z, v K , fij), we convert the fourth term of 
eq. (|53L into 



2af3 ■ (( V Y 



1 



Pj \ii - vk 



-<*•(( e^ 

(Jf?feJ) 

-<W<Et4 



1 1 



— - £ — 



1 1 



i f j Z- ^Z-VkZ-Vj ^ j Z- fi! Z- flj Z- V K 



(A.3) 



1 



E— 



1 



The first line of eq. (1A.3|) combined with the third term in eq. (lA.lj) aj gives 

1 



2(1 - <*)[> ■ (( £ v^r.^z 



^ 1 1 1 



z - \Li pi — pi — v K z-v K v K -vjv K - \xi 



(A.4) 



The third line of eq. (IA.3j) combined with the first and the second terms in eq. (IA.lj) a , gives 



E^ 



1 



E— 



1 



+ 



1 + a/3 

2 z-m(z- VK? f£ z - v K {z - 

1 - a/3 // ^-y 1 1 1 1 

< • 7 



(A.5) 



(z - m) 2 pi - v K j-g (z - v K f v K - /x 7 
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Here we have used vk derivative and hi derivative of eq. (jA.2[) for (z,hii v k)- All in all, we 
obtain 

21 - a)p ■ (( y y 

\\ fr? 1 z- Hi Hi- Hj Hi ~ v k f-f z - v K v K - Vj v K - fj 



1 1 



— a 



p ■{('£— ~ — - £ 



v / i k z ~ z - vk z - vj f-^j z - hi z - H.J z - v K 



1 - a/3 //y> 1 1 V 1 

2~~ ' \j£ z-hi (z-»k) 2 ~ f£ (z~^Hi) 2 z-v K 

1 - a(3 fly* 1 1^1 1 

2 \fg - Hi) 2 Hi ~ »k - u K ) 2 v K - hi 

+ ^wfe- — V^Wfe- 1 

^ s z ~ ^i- v k II 9s z-v K v K - hi t 



(A.6) 



9s X\ik z- hi Hi - v k // 9s \\7^ z - v K v K - Hi 

= 0. 

In this expression, all except the first line take forms which are expressible in terms of 
the two resolvents Qo,i(z), their derivatives and polynomials in z once we invoke the original 
Virasoro constraints eq. (13. 2p 

<*(&- " 

\\fy z-Hi Hi-vj t 

(A.7) 



,i( z -Vi) 2 // \fj z- hi Hi- HJ I/ 9s\j^z-Hi 



and the one eq. (13.41) obtained by Hi V K- 

In order to handle the first line of eq. (1A.6|) . let us consider another S-D equation: 



= / d N( % [ d NW uY A ( -J— Y _JL_ e -«- ) . (A.8) 
7 y i OHi \z- hi fg? r) Hi- Hj J 



Exploiting eq. ( 1A.2I) for (z,hi,Hj)-> ( z , hi, Hj> Hk) as well as its 2 derivative? in eq. ( 1A.8I) . we 
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reexpress the first line of eq. (IA.6j) , using 



<*(e- — - 



1 



,1*7 



+ 



L 



(* - /ij)(z - £ij)(z - n K ) 



(A.9) 



v/*7 



Z - fJLlZ- flj 



Z- \li ill- flj 



Substituting this into eq. (1A.6|) . we obtain the expression quoted in the text. 



B Derivations of the constraints ( 15.41) . ( 15.51) . ( 15.61) 



B.l The constraint ( 15.41 ) 



The planar Virasoro constraint (15. 4p can be obtained by taking the planar limit of the Virasoro 
constraint (14.21j) . But we rederive it from the planar S-D equations ( 15 .3p because we will need 
( IB. 41) . ( IB. 51) and ( IB. 61) to obtain higher order loop equations ( 15. 5 j) and ( 15. 61) . 



For n = 2 and & = 0, ( 15 .3p are explicitly given by 

2R^-R^-R? ) + W>uj -FW = 0, 

2i?! 1} - r£ ] - i# } + wi - = o, (B.l) 
2 4 2 ) _ Rf) _ 4 2 ) + W ' 2 u 2 - = 0. 

Notice that we have planar identities: 

u i {z)u ] (z) = Rf{z)+R ( i\z). (B.2) 

In particular, 

Using these relations, we find 

i?f + flf = a; 2 + WqW - FW, (B.4) 

+ rP> = u \ + wi - F« (B.5) 

itf) + = w 2 + W£ W2 - . (B.6) 
By adding these three constraints, we have the planar Virasoro constraint ( 15. 4ft . 
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B.2 The cubic loop equation ( 15.51 ) 



(PT3D for n = 


2 and k = 1 are 


given by 






9 7?(°) 
zn 00 n 02 


-< } + ^4 0) 


P (0) 

_i, o - 


0, 


(B.7) 


2 i?(°) _ 

9 7?(°) 
zrt 02 - rt 22 


-4? + ^4 0) 


- ff = 
-if> = 


0, 

o, 


(B.8) 
(B.9) 



and similar six equations obtained by cyclic permutations of the indices 0— > 1 — > 2 — > or 
->■ 2 -> 1 -> 0. 
Using 

= ^b(*) 3 , (B.10) 



flfTfj) leads to 



R^ + R^^l^ + lw^-F^. (B.ll) 



The sum of ( IB.8P and flB.9|) gives 



4? + 2i® + 4? = 2(4? + 4?) + W>( R P + /?S 0) ) - - Ff 



Ju; 3 + V^(2u, 2 + W Q 0J - F<®) - 2F (0) - - F (0) 



(B.12) 



2 



3 

From {2 x (IB. lip + (1B.12|) }+ (cyclic equations), we obtain the cubic loop equation (15. 5p . 



B.3 The quartic loop equation ( 15.61) 

The explicit form of planar SD equations (I5.3P for n = 2 and k = 2 are given by 

2 4oo _ 4o2 - 4oi + WqR$ - F<$ = 0, (B.13) 

2R {0) - R {0) - R {0) + W'R {0) - F (0) - (B 14) 

zrL 001 rL 012 -"-Oil ^ r ^0 rL 01 ^01 ~~ u ' \ D - L ^J 

2flffi - 4S - 4°i2 + W^flS - 4? = 0, (B.15) 

2flffi - 4?2 - 4X + - 4? = 0, (B.16) 

2 4l2 - R\22 _ 4l2 + W^Rtf - F12 — 0' (B-17) 

2422 - 4°22 - 41 + ^4? - 4 2 0) = o, (B.i8) 

and similar equations. 

The constraint ( IB.13P can be rewritten as 

4S + 4S = \<4 + \wb4 - 4o 0) - (B.19) 
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The sum of flB.141) and (IB. 151) leads to 

<1 + 2< 2 + i$ 2 = u, 4 + WS (% 3 + ^u, 2 - F«>) - 2^ - F <? - F ( 
By taking the combination flB~T6l) + 2x (|BTT7|) + (|B~T8|) . we find 



,(0) 
02 • 



= 2u; 4 + ^{4a; 3 + V^(3u; 2 + - i 7 ^) - 4F (0) - F< 0) - F 2 (0) } 

p(o) 



?(0) 



,(0) 



?(0) 
'222 



-4F, 



(o) 



9 /?(°) — OF 

zr 01 zr 02 



(0) 



2F 



(o) 



V (0) 

22 • 



(B.20) 



(B.21) 



From {3x ( (IB. 19|) + ( 1B.20|) ) + ( 1B.21|) }+ (cyclic equations), we find the quartic loop equation 

tED. 
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